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2-Oxoisovalerate
palmitoylcarnitine and 2-oxoisovalerate were 1 .O, 0.3 and 0.07 respectively. The rate of oxidation of 2-oxoisovalerate determined spectrophotometrically was about 12 times faster than when measured at 30°C by "CO, release from 2-0xo [ 1-14C] isovalerate by rat liver mitochondria1 fractions (Bremer & Davis, 1978; Patel et al., 1980) . a-Cyano-4-hydroxycinnamate specifically inhibits pyruvate uptake by mitochondria (Halestrap et al., 1980) . There was no inhibition of the oxidation of 0.5 mM-2-OXOiSOValerate by 100 j~-a-cyano-4-hydroxycinnamate nor by 10 mM-pyruvate under our experimental conditions, in apparent disagreement with other reports (Halestrap et al., 1980; Patel et al., 1980) . This leaves unanswered the question of the nature of the carriers by which 2-oxoisovalerate enters the mitochondrial matrix.
Direct spectrophotometric measurements of branched-chain 2-0x0 acid dehydrogenase with 2-oxoisovalerate as substrate will be useful to study the activity of this enzyme in liver in different hormonal and nutritional conditions. We thank the Wellcome Trust for generous support. The molecular abnormality responsible for the progressive degeneration of skeletal muscle characteristic of the X-linked disease Duchenne muscular dystrophy has not been identified. The currently popular theory is that the genetic defect in this disease affects an enzyme or structural protein, which results in abnormal structure and function of the sarcolemma (Rowland, 1980; Lucy, 1980) . As biochemical abnormalities of genetic disorders may be manifest in cells other than in the primarily affected tissue, considerable effort has been devoted to investigations of cells other than muscle cells (Roses et al., 1980) . Skin fibroblasts grown in vitro represent an attractive source of material for biochemical investigations in Duchenne muscular dystrophy, owing to the facility with which skin samples can be obtained and the ease of culture of the cells in vitro. In the present study we have employed gel electrophoresis in the presence of sodium dodecyl sulphate to compare the proteins of skin fibroblasts in an attempt to identify differences between cultures derived from normal individuals and patients with Duchenne muscular dystrophy.
Samples of fibroblasts were solubilized in SDS and electrophoresed in 10% polyacrylamide gels by the method of Laemmli (1970) . Gels stained with Coomassie Blue R250 revealed no qualitative differences in the protein profiles. Gels scanned spectrophotometrically showed no quantitative differences in the patterns of cells from normal and dystrophic subjects.
A single gel concentration cannot optimally separate the complex mixture of macromolecules in skin fibroblasts. In theory there is an optimal gel concentration that will provide optimal separation of any two polypeptides. Therefore improved resolution of a complex protein mixture can be obtained by using gels with a continuously variable gel concentration (Kapadia et al., 1974; Poduslo & Rodbard, 1980) . By using gels containing sodium dodecyl sulphate with a linear 5-20% acrylamide gradient, improved resolution was obtained, but no qualitative or quantitative differences were observed between stained gels of cell cultures from normal and dystrophic subjects.
Radioactive labelling methods were used in an attempt to improve detection sensitivity of the gels (Kapadia et al., 1974) . Fibroblasts were grown for 24h in the presence of [3sSl-methionine, solubilized and electrophoresed in 5-20% gel slabs. Slabs were dried and the polypeptides revealed by radioautography. Fig. 1 shows a radioautograph of a typical gel.
Careful comparison of the patterns failed to reveal any consistent differences in profiles for cell cultures from normal ' and dystrophic subjects. The only major differences *observed occurred in the region of the gels (35 000-45 000mol.wt.) below the major actin band. However, differences in this region appear to be due to individual variation and not to be related to the disease state. Fig. 1 (tracks 2 and 7) also shows the pattern of 59211d MEETING; LONDON Fibroblasts grown in 16 mm-diameter multi-well plates were labelled for 24h with 50pCi of [35S]methionine. The cells were solubilized in sodium dodecyl sulphate and electrophoresed in 5-20% gradient polyacrylamide gels. The gels were dried and radioautographs exposed on Kodak X-Omat H film. The molecular weights were established by using radioactive marker proteins ("he Radiochemical Centre). Tracks: 3, 4, 5, normal skin fibroblasts; 1, 6, 8, skin fibroblasts from dystrophic subjects; 2, 7, normal muscle fibroblasts.
fibroblasts purified from muscle explant cultures. The pattern is remarkably similar to that of skin fibroblasts. Fibroblasts derived from muscle cultures may represent a useful alternative to skin cells in studies of Duchenne muscular dystrophy. Gradient gel rods of [35S]methionine-labelled cultures were sliced into 0.5mm segments and counted for radioactivity in a scintillation counter. No consistent differences were observed between cell cultures from normal and dystrophic subjects. The sensitivity of such comparisons can be improved by using a dual-labelling method (Pena & Wrogemann, 1978) . Each cell type is labelled with either ['HI-or ['4C]-leucine, the two samples are combined and run on the same gel, which, after electrophoresis, is sliced and counted. The presence in any slice of a ' H / W ratio deviating significantly from average would suggest a molecular abnormality. Using this method Pena et al. (1978) reported no differences in the major protein components of dystrophic fibroblasts. However, the sensitivity of their gel system was not optimal, and may be further improved by use of gradient gels and narrow gel slices. , 1980a) , although implicated in a wide variety of cellular processes, is not understood. It is clear, however, that in vivo and in vitro both mono-and poly-ADP-ribosylation of nuclear proteins, especially the histones, occurs (Purnell er al., 1980a,b), although the relationship between mono-and poly-(ADP-ribose) has not been established. Thus a simple and rapid analytical system is needed that will allow separation of mono-and poly-(ADP-ribose) in order to make conclusions about the extent of mono-and poly-ADPribosylation of specific nuclear proteins. It is such methodology that we report in this present communication.
Application of aminoethylcellulose-chromatographic
One of the intriguing properties of protein-ADP-ribose conjugates are their differing sensitivities towards neutral hydroxylamine. Thus it has been shown that both mono-and poly-(ADP-ribose) are attached to proteins by at least two linkages. One of these is quantitatively cleaved by NaOH and neutral hydroxylamine, the other being NaOH-sensitive and hydroxylamine-resistant (Adamietz & Hilz, 1976) . Of particular interest is histone HI, which is the most extensively studied acceptor to date (Purnell et al., 1980a) , although no complete analysis of the extent of mono-and poly-ADP-ribosylation and their associated linkages has been made. Here we report such a detailed analysis.
VOl. 9
A 0.5 M-NaCI extract of pig thymus nuclei was incubated with [adenine'H]NAD+ as previously described (Purnell & Whish, 1980) , and histone H I was isolated by the HCIO, extraction procedure of Johns (1964) . Histone HI was further purified to homogeneity [as judged by a single band on both acidlurea (Panyim & Chalkley, 1969) and sodium dodecyl sulphate/ polyacrylamide gels (Weber & Osborn, 1969) l by preferential precipitation with HCI and acetone (Goodwin & Johns, 1977) . Over 95% of the radioactivity incorporated into the purified histone H I preparation migrated as a single peak in association with histone H 1 on acid/urea/polyacrylamide-gel electrophoreses. Treatment of such histone H 1 preparations with 1 M-ethylamine for 30min at 37OC quantitatively cleaves the ADP-ribose-histone H I linkage($, as evidenced by a complete lack of radioactivity migrating with histone HI on acid/ urea/polyacrylamide-gel electrophoresis after such treatment. Analysis of the released radioactivity was performed by aminoethylcellulose-column chromatography. The ethylaminetreated histone H I was freeze-dried to remove the ethylamine and then dissolved in 1 ml of water and applied to a column of aminoethylcellulose (10mm x 15 mm). The column was eluted with lOml of 6~-a c e t i c acid, then with 5ml of water and finally with lOml of lM-ethylamine. The acetic acid and ethylamine fractions were then freeze-dried and analysed by polyethyleneimine-cellulose t.1.c. (Stone et al., 1973) . The results show that mono-ADP-ribose and its base-derived products 5'-AMP and 'X', an ADP-like compound (Goebel et al., 1977) are eluted exclusively with 6 N-acetic acid. No radioactivity is seen on the origin or between the origin and ADP-ribose on the
